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 ABSTRACT 
 
Obesity and Spatial Context in Appalachia 
 
 
Roberta Jean Alt 
 
 
 
The prevalence of obesity has increased substantially over the past 30 years. Obesity is a 
multi-factorial disorder, which is often associated with many other significant diseases 
such as diabetes, hypertension and other cardiovascular diseases, osteoarthritis and 
certain cancers. For these reasons, it is a complex health issue to address. The objective 
of this study is to identify the factors which are responsible for the spatial variation of 
adult obesity throughout the Appalachian region. In addition, preliminary examinations 
are made to identify potential associations between geographic variability in the 
prevalence of obesity and the characteristics of individuals and places with variable 
prevalence rates.  Obese prevalence estimates were generated for all counties in 
Appalachia for adult males and females using data from the Behavioral Risk Factor 
Surveillance System (BRFSS). These data were used to create maps of obesity 
prevalence in Appalachia. Certain counties consistently experience higher prevalence of 
obesity for both genders. In areas with persistently high obesity prevalence rates, the 
burden is often highly localized among specific counties.  A regression model was 
implemented to analyze the effect of a number of factors on obesity.  Two significant 
contextual factors, employment change and labor force participation, were identified, 
even though they have not been addressed in the literature.  The regression model results 
demonstrate poverty having a significant impact on female obesity, but no significant 
impact on male obesity. The regression model also found that urban-rural location is 
significant, but gender specific only for males in non-metro areas and small metro areas. 
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 Chapter 1: Introduction 
 
The goal of this research is to identify the factors which are responsible for the 
spatial variation of adult obesity throughout the Appalachian region.  A regression model 
is used to accomplish this goal.  Particular attention is given to the effect of urban-rural 
location and settlement form on obesity in the region.  
Obesity is a complex, multi-factorial chronic, metabolic disease caused by  
multiple and intricate factors. Therefore, it is a convoluted health issue to address.  
It results from a complex interaction of genetic, physiologic, behavioral, psychological 
and environmental factors causing a chronic imbalance between energy intake 
and energy expenditure.  Energy intake and energy expenditure is a function of resting 
metabolic rate, the thermal effect of food, and the energy expended in physical activity 
(American Obesity Association, 2004; Holm et al., 2001).  Obesity can arise only when 
energy intake exceeds energy expenditure.   
During the past two decades the prevalence of obesity has reached epidemic 
proportions and is increasing in both men and women, in all age groups, and in all 
racial/ethnic groups (Flegal et al., 2002).  Severe obesity is increasing the fastest in 
American adults (RAND, 2004), and three out of ten United States adults are obese 
(Crespo & Arbesman, 2003).  Contaldo & Pasanisi (2003) stated that obesity is one of the 
top 10 risk conditions in the world.  Due to this, obesity is a major factor when 
considering morbidity and mortality and has become one of the single most important 
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health risks related to diet in the United States (Nestle, 2000).  Obesity is a metabolic 
disease that has continued to increase in prevalence since 1960, and affects fifty nine 
million Americans: nearly one-quarter of all adults and one in five children (Fox, 2004).  
According to an estimate made by James et al. (2001), the United States is one of the 
countries with the highest obesity rates.  The Center for Disease Control (CDC) and 
Prevention 1999-2000 National Health and Nutrition Examination Survey (NHANES) 
found sixty four percent of United States adults were either overweight (33%) or obese 
(31%) (Center for Disease Control, 2004; Fox, 2004; Ewing et al., 2003).   
Obesity is the second leading cause of unnecessary deaths each year, 
approximately 400,000 in 2004, up from 300,000 in 1990 (Fox, 2004; Ewing et al., 2003; 
Mokdad et al., 2001).  Sturm and Wells, (2001) stated that the prevalence of obesity is 
higher than that of poverty, daily smoking, or heavy drinking.   Prior to 2005 the Center 
for Disease Control estimated that 400,000 people died every year from weight-related 
causes.  This estimate was revised downward to 25,000 deaths in January 2005. 
However, this downward revision has been strongly disputed, causing a great deal of 
debate among medical researchers and public health officials since then (Milloy, 2005). 
Currently, adult obesity appears to be growing unabated, while an increase 
in overweight children points to an even greater prevalence of adult obesity and its 
associated comorbidities (Mcinnis, 2003; James et al., 2001; U.S. Department of Health 
and Human Services, 2000).  Even the average weight of a 10-year-old has increased 
about 11 pounds in the last forty years (Reuters, 2004).  From 1988-1994 12- through 19-
year-olds increased from 5% to 11% (Ogden et al., 2002).  Nearly twelve percent of the 
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United States adults, aged sixty five years and older, are currently considered to be obese, 
a figure likely to increase to twenty percent by 2050 (Reuters, 2004).  Because of these 
statistics, researchers fear what kind of effect the obesity epidemic will have on the next 
generation of adults (Ogden et al., 2002). 
Numerous studies have shown that regular physical activity is good for overall 
health.  Incorporating physical activities into a daily routine will aid in decreasing the risk 
for colon cancer, diabetes, and high blood pressure.  Despite the health benefits of 
physical activity, seventy four percent of the United States adults do not get enough 
physical activity to meet public health recommendations.  One in four United States 
adults remains completely inactive during their leisure time (Ewing et al., 2003; Humpel 
et al., 2002).  Technology has contributed to inactivity by creating many time and labor 
saving products.  Some examples include cars, elevators, computers, dishwashers, and 
televisions.  Cars are often used to run short distance errands instead of individuals 
walking or riding a bicycle.  As a result, these recent lifestyle changes have reduced the 
overall amount of energy expended in our daily lives.  Obese individuals suffer from poor 
general health, depression, personal uncertainty, and low life satisfaction due to a decline 
in their physical activity levels (Burton et al., 2003; Holm et al., 2001; Ford, 2001).   
Obesity has a detrimental impact on the health, social characteristics and finances 
of the United States population.  A study by the CDC (2005) found the total cost of 
obesity in the United States in 2000 estimated about $117 billion.  Another study 
implemented by the CDC and the Research Triangle Institute (RTI) International in the 
United States showed obesity attributing to medical expenditures reaching $75 billion in 
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2003.  Taxpayers finance about half of these costs through Medicare and Medicaid 
programs (Ma, 2004; Center for Disease Control, 2004).  Also, obesity is linked to higher 
health care costs than smoking or drinking (RAND, 2004).  
Obesity is a latent factor significantly related to triggering the onset of many 
chronic conditions.  It is found to be a risk factor for heart and gallbladder disease, 
diabetes mellitus, hypertension, osteroarthritis, sleep apnea, cardiovascular disease, 
congestive heart failure, stroke, dyslipidemia, arthritis-related disabilities, 
hyperinsulinemia, insulin resistance, gallstones, gastroesophageal reflux disease, and 
cancers of the colon, prostate, breast, uterus, cervix, ovary, stomach, endometrium and 
uterin lining.  Obesity has also been found to be associated with complications in 
pregnancy, high blood pressure and cholesterol, menstrual irregularities, hirsutism, stress 
incontinence, psychological disorders, and increased surgical risk (Crespo & Arbesman, 
2003; Ford et al., 2001; Nestle, 2000; Observer, 2004; PersonalMD, 1998, Reeves et al., 
2008; Sciamanna et al., 2000).  According to Ferraro et al., (2002) obesity is associated 
with higher levels of both upper- and lower-body disability.  Obese individuals 
experience social stigmatization, discrimination and prejudice in social, employment and 
academic endeavors (Ford et al., 2001; Sciamanna et al., 2000).   
Due to major concerns about health hazards caused by obesity, the World Health 
Organization (WHO) devised a standardized classification of obesity based  on  Body  
Mass Index (BMI) (James et al., 2001 & RAND, 2004), which for the first time allowed 
standard comparisons of obesity and  overweight prevalence worldwide.  BMI is 
calculated by dividing a person's weight in pounds by height in inches squared and 
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multiplied by 703.  In 1998, the National Institutes of Health (NIH) also endorsed the use 
of BMI for defining obesity and it has since become the most frequently utilized  
measurement in the assessment of obesity. The WHO also agreed upon a number of 
classes in order to assess the health hazards associated with different degrees of obesity.  
These BMI classes (obese class 1 is 30.0 to 34.9, obese class 2 is 35.0 to 39.9 and obese 
class 3 is > 39.9) are commonly used classifications for the assessment of obese weight 
status (Halverson et al., 2004).  
Previous studies have shown that increased BMI is known to increase the risk of 
adenocarcinoma of the esophagus, endometrial cancer, kidney cancer and postmen- 
pausal breast cancer in women.  Menopausal status is also a key factor in the relation 
between BMI and risk of breast cancer, endometrial cancer and colorectal cancer among 
women.  Furthermore, hormonally related cancers such as those of the breast and 
endometrium have been among those most consistently associated with BMI (Reeves et 
al., 2008).  Obese females have shown higher incidence of deaths with cancer of the 
breast, uterus, cervix and ovary (Reuters, 2002(a)).  For both men and women obesity is a 
risk factor for colon cancer and with deaths attributed to the disease topping 46,000 
annually (Personal MD, 1999; Reuters, 2002(b)).  In men, the heaviest individuals are 
more likely to die from cancer of the stomach and prostate.  Reuters, (2003) estimated 
that more than 90,000 cancer deaths each year could be avoided if every American 
maintained a healthy weight. 
Both overweight and obese women are less active than men within the same BMI 
category (Adams et al., 2003).  In a study done by Ewing et al. (2003), they found 
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markedly fewer women than men performed high-intensity physical activities.  Holm et 
al. (2001) found that women gain weight many years before their male counterparts. 
According to Burton et al. (2003) males were more likely than females to describe 
enjoyment of physical activity participation.  
The steady increase in the prevalence of obesity in both developed and developing 
societies during the past decade varies across population groups (Monterio et al., 2001).  
Although the nature of obesity-related health risks is similar in all populations, the 
specific level of risk associated with a given level of obesity may be different depending 
on age, gender and race.  It has been shown that obesity increases steadily with age for 
both men and women (American Obesity Association, 2004; Bernstein et al., 2003).  
James et al. (2001) found that in most countries, women had higher BMIs than men. This 
may be because women are eating 335 more calories per day than they did in 1971, while 
adult men have upped their daily intake by 168 calories (Newman, 2004). 
Race and ethnicity are also very important factors when identifying trends in 
obesity.  In recent years in the United States, with the exception of Asian-Americans, the 
prevalence of overweight and obesity is higher in racial-ethnic minority populations.  
Hispanic populations are more likely to have higher prevalence of overweight, while 
African American populations are more likely to have higher obesity prevalence 
(Halverson et al., 2004; Casper et al., 2001).  Furthermore, the prevalence of obesity 
comorbidities is much higher in African Americans compared to Caucasians (Paeratakul 
et al., 2002).  Also, obesity is 36% higher for African American women and 33% higher 
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for Mexican American women than among Caucasians women (22%) (Crespo & 
Arbesman, 2003; Casper et al., 200).   
The study area for this research is Appalachia.  Appalachia is an extensive region, 
which is both socioeconomically and geographically diverse.  Furthermore, it is a region 
that contrasts markedly from the rest of the United States.   
Appalachia includes all of West Virginia and parts of twelve other states: 
Alabama, Georgia, Kentucky, Maryland, Mississippi, New York, North Carolina, Ohio, 
Pennsylvania, South Carolina, Tennessee, and Virginia.  About twenty three million 
people live in the 410 counties of the Appalachian region. Forty-two percent of the 
region's population is rural, compared with twenty percent of the national population.  
The poverty rate in Appalachia is 15 percent -- just two points above the national average 
(National Center for Policy Ananlysis, 1999).  The region's economic fortunes were 
based in the past mostly on extraction of natural resources and manufacturing. The 
modern economy of the region is gradually diversifying, with a heavier emphasis on 
services and widespread development of tourism, especially in more remote areas where 
there is no other viable industry.  Coal still remains an important resource, but it is not a 
major provider of jobs.     
  This remainder of this thesis is organized as follows: Chapter 2 presents a review 
of the literature on obesity; Chapter 3 provides detailed descriptions of maps which show 
the geographic variation in obesity in Appalachia; Chapter 4 discusses the research 
design and model; Chapter 5 presents the results of the regression analysis; Chapter 6 
presents some final conclusions of the research. 
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Chapter 2: Literature Review 
 
This chapter provides a review of the literature regarding factors that are 
responsible for obesity.  The literature is divided into two sections:  1) the role of 
individual behavior specifically relating to energy intake and energy expenditure 
(compositional factors) and 2) the role of socioeconomic context within which people 
live (contextual factors). 
Compositional factors: individual behavior 
Energy Intake 
Epidemiologists suggest that obesity is largely due to modifiable individual 
behaviors related to unhealthy dietary habits involving high calorie foods eaten in large 
portions.  Researchers have suggested that an individual’s average energy consumption 
has risen and/or activity levels have declined (Adams et al., 2003; Bernstein et al., 2003; 
Binkley et. al., 2000; French, 2003; Hill and Peters, 1998; Holm et al., 2001; James et al., 
2001; Jeffery et al., 2003; Ravussin and Danforth, 1999; Thorogood, 1998) 
According to Binkley et al (2000), energy intake has increased in the United 
States.  Also, the United States data on food consumption suggests that per capita energy 
intake rose from 3300 to 3800 calories per day between 1977 and 1994, a fifteen percent 
increase.  Promotions, pricing, and availability all encourage Americans to eat more food, 
not less.  The food industry spends about $11 billion annually on advertising and in 1998 
McDonalds’s spent just over a billion dollars in promotion costs (Nestle & Jacobson, 
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2000).  Ma, (2004) found consumption of 1876 kcal per person in 1977-1978 and 2006 
kcal per person in 1994.   
Energy Expenditure 
Our society has become very sedentary, and many adult Americans have not been 
meeting federal physical activity recommendations.  The physical activity recommend-
ations include thirty minutes of moderate physical activity at least three times per week.  
In 1997, only fifteen percent of adults performed the recommended amount of physical 
activity, and forty percent of adults engaged in no leisure-time physical activity.  
Previous studies have shown that seventy four percent of adults in the United States do 
not get enough physical activity to meet public health recommendations, and about one in 
four United States adults remains completely inactive during their leisure time (Crespo & 
Arbesman, 2003; Ewing et al., 2003; Frank et al., 2004; US Department of Health and 
Human Services, 2000; US Department of Health and Human Services, 2001) 
Numerous studies have shown that women generally are less active than men of 
all ages.  Middle-aged and older women, in particular, engage in little or no exercise 
(Thorogood, 1998).  Furthermore, obese women are less active than men within the same 
BMI category (Adams et. al., 2003).  Also, African Americans and Hispanics are 
generally less physically active than their white counterparts.  In addition, older adults 
who live in unsafe neighborhoods are significantly more likely to report being physically 
inactive which also contributes to high levels of obesity (Andersen et. al, 2001).  
Researchers have found that the major barriers most people face when trying to increase 
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physical activity are lack of time, lack of access to convenient facilities, and lack of safe 
environments in which to be active. 
Contextual factors 
 
An individual’s body weight and body composition are determined by interactions 
between the environment and genetics.  Some individuals can avoid obesity in un-
supportive environments by maintaining a pattern of healthy behaviors (Hill & Peters, 
1998; Ma, 2004).  However, the current epidemic of obesity is caused largely by an 
environment that promotes excessive food intake and discourages physical activity.  Our 
environment is characterized by an essentially unlimited supply of convenient, relatively 
inexpensive, highly palatable, energy-dense foods, coupled with a lifestyle requiring only 
low levels of physical activity for subsistence (Hill & Peters, 1998; Holm et al, 2001; 
Ravussin & Danforth, 1999).  Also, in our society eating habits exacerbated by 
advertising, especially the over-consumption of high-caloric and fatty foods, promote the 
high incidence of obesity in all age groups.  Compounding this is a growing trend in the 
United States toward larger portions of foods (Ma, 2004; Holm et al, 2001).  Friedman, 
(2003) stated that more than half of the United States population is now overweight or 
obese and that the environment has contributed to this public health problem.   
There is growing interest in how physical inactivity, obesity, and related chronic 
health problems are affected by environmental factors.  Low levels of physical activity 
are associated with an increased risk of obesity, and our current environment tends to 
discourage physical activity.  Advances in technology and transportation in our modern 
cities have reduced the need for physical activity in daily life (Larkin, 2003; Owen et al., 
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2004).  The appeal of electronic games, television, and computers has increased the time 
spent in sedentary pursuits among children and adults a like (Hill & Peters, 1998).  Our 
modern environment has allowed these conditions to increase at alarming rates and 
become highly pressing health problems for our nation (U.S. Department of Health and 
Human Services, 2001).  Urban sprawl, for example, increases traffic and destroys open 
space which limits individuals from access to large open and safe spaces where they can 
engage in physical activities (Larkin, 2003).   
Socioeconomic status (SES) and income 
Socioeconomic status (SES) depends on a combination of variables, including 
occupation, education, income, wealth, and place of residence.  Some researchers have 
found that the prevalence of obesity is significantly higher among individuals with lower 
levels of education, income and occupational prestige when compared to their 
counterparts because typically they report little or no physical activity and high calorie 
diets (Adler & Ostrove, 1999; Bernstein et al., 2003; Burton et al., 2003; Kahn et al., 
1991; Ma, 2004; US Department of Health and Human Services, 2001).  Reeves et al. 
(2008) found women with a higher BMI tended to come from a lower socioeconomic 
class and had more children than women with a lower BMI.  For all racial and ethnic 
groups combined, women of lower SES are approximately fifty percent more likely to be 
obese than those with higher SES.  Binkley et al. (2000) found that women with higher 
SES are more concerned with their physical appearance.  Men are about equally likely to 
be obese whether they are in a low or high socioeconomic group (U.S. Department of 
Health and Human Services, 2001; Drewnowski and Specter, 2004).  Also, according to 
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Sobal and Stunkard (1989), in developed Western industrialized societies obesity was six 
times more prevalent among women of lower SES than among those of upper SES.   
Current studies show that there is a clear inverse relationship in most societies 
between the level of SES and the prevalence of obesity.  Obesity is six times more 
prevalent among women of lower SES than among those of upper SES (Sobal & 
Stunkard, 1989).  Also, the socioeconomically disadvantaged are less likely to engage in 
recreational physical activity (RPA) and more likely to describe poor health experiences, 
limited exposure, fewer activity-promoting cognitions, fewer anticipated benefits, less 
social support, and barriers of inconvenient access and low personal functioning.  In 
contrast, people of higher SES are more likely to engage in RPA and also more likely to 
be exposed to opportunities, activity-promoting cognitions, and social, emotional, and 
lifestyle benefits (Burton et al., 2003).   
Adults from lower socioeconomic backgrounds are more likely to perceive health-
related behaviors as compromising quality of life, are least knowledgeable about health-
related recommendations and guidelines, and are less likely to perceive their current 
behavior as health compromising.  Low socioeconomic groups are also less likely to 
attribute illness to personal behaviors, to report personal health-related behavior change 
as effective, and to value healthy lifestyle activities including getting regular exercise.  
These individuals do not perceive a personal need to engage in physical activity for 
health benefit.  Furthermore, Burton et al.’s (2003) study found that the 
socioeconomically disadvantaged participants did not receive encouragement and 
companionship for recreational physical activity.   
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Poverty 
Obesity is strongly associated with poverty, even in developing countries.  This 
may relate to social circumstances and cultural differences, which alter behavior.  Also, 
the choice of an energy-dense diet may be determined by the relative cheapness of 
processed foods, the constant bombardment of food advertising, provision of large 
portion sizes as a marketing technique, and the immediate availability of fast foods 
everywhere mean that individuals have to constantly battle against the natural tendency to 
eat (James et al., 2001).  Obesity is becoming more and more prevalent among poor 
women in developing nations.  This may be due to lack of knowledge about health and 
trouble acquiring more expensive healthier foods (Richwine, 2004).  Furthermore, James 
et al. (2001) found that the poverty stricken gain enjoyment from watching television 
because this activity requires less initiative and financial resource than engaging in a 
greater variety of social and leisure time activities that require more energy.   
Furthermore, many health disparities in the United States are linked to inequalities 
in education and income.  First, the highest obesity rates occur among population groups 
with the highest poverty rates and the least education.  Second, there is an inverse relation 
between energy density and energy cost, such that energy-dense foods composed of 
refined grains, added sugars, or fats may represent the lowest-cost option to the 
consumer.  Third, the high energy density and palatability of sweets and fats are 
associated with higher energy intakes.  Fourth, poverty and food insecurity are associated 
with lower food expenditures, low fruit and vegetable consumption, and lower-quality 
diets (Drewnowski & Specter, 2004).  
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According to the Pan American Health Organization, obesity is increasingly being 
seen as a feature of the poor (James et al, 2001).  Typically, individuals who live in 
poverty have limited lifestyle choices and therefore may be more susceptible to disease 
risk factors than those individuals with more economic resources.  In addition, 
individuals who live in poverty are less likely to have access to high quality healthcare, 
education, and health information (Halverson et al., 2004). 
Education 
While educational attainment is linked to income earning ability, it may also 
encompass factors that reflect the broader values associated with a healthy population 
(Halverson et al., 2004).  Many researchers have found that education is negatively 
correlated with obesity and seems to be associated with behaviors such as diet and 
exercise.  In general, researchers who have examined education discovered individuals 
with little or no education are typically less active than educated individuals (Kahn et al., 
1991; James et al., 2001; Burton et al., 2003; Ford et al., 2001; Ewing et al., 2003; 
Bernstein et al., 2003; US Department of Health and Human Services, 2000).  Ewing et 
al. (2003) also noted that education was positively associated with minutes of walking 
and being physically active in general and BMI was higher for the less educated.  
Drewnowski & Specter (2004) found that among women, higher obesity rates tend to be 
associated with low education levels as compared to their male counterparts.   
Obesity is highest among individuals who had less than a high school education 
and is lowest among those who have more than a high school education (Crespo & 
Arbesman, 2003).  James et al. (2001) found a clear inverse relationship in most societies 
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between the level of education and the prevalence of obesity.  Sciamanna et al. (2000) 
studied individuals who received advice to lose weight. They found that forty percent 
more individuals, with at least some college education, received advice to lose weight. 
Their study also showed that individuals with less than a high school education did not 
receive any advice to lose weight.   
Food availability 
Access to food plays an important role in determining an individual’s lifestyle.  
Being able to access lower-fat foods is important for individuals and their consumption of 
healthy foods (Frenn & Malin, 2003).  Also, prices and incomes affect food choices, 
dietary habits, and diet quality.   Income disparities have more of an effect on diet 
quality, forcing the socioeconomically disadvantaged to purchase energy-dense foods 
composed of refined grains, added sugars, or fats because it represents the lowest-cost 
option (Drewnowski & Specter, 2004).  Whereas “good” diets are associated with higher 
education and incomes, “poor” diets are associated with low education because healthier 
diets cost more and are beyond the reach of many low-income families.  Data from the 
Bureau of Labor Statistics indicate that income disparities have an effect on diet quality, 
and to achieve a healthy diet it may be necessary to spend more money (Drewnowski & 
Specter, 2004).   
Furthermore, Hill and Peters (1998) found a growing trend in the United States 
toward larger portions of food.  Based on income levels, poverty stricken areas of cities 
have fewer food establishments, restaurants, and grocery stores that serve healthy foods.  
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In addition, white neighborhoods have supermarkets with a variety of healthy foods and 
these are four times more prevalent than in black neighborhoods (Frank et al., 2004).   
Environmental influences on eating behavior include the changing nature of the 
food supply, increased reliance on foods away from home, food advertising, marketing 
and promotion and food pricing.  The food industry spends approximately thirty three 
billion dollars annually on advertising and trade shows (Nestle, 2000).  Foods away from 
home captured forty percent of total food spending in 1995.  Individuals of lower 
socioeconomic status may place greater importance on perceived value, whereas those 
who are mainly concerned about health and nutrition may place greater importance on the 
nutritional quality of foods.  However, in general, people choose the tastier and cheaper 
foods which are available nearly everywhere (French, 2003 and Hill and Peters, 2004).  
Regional location 
Studies have shown that adults in northeastern and southern states of the US tend 
to be less active than adults in north-central and western states (US Department of Health 
and Human Services, 2000).  James et al.’s (2001) global study on obesity found that the 
prevalence rates for obese people are different in each region, with the Middle East, 
Central and Eastern Europe, and North America having higher prevalence rates.  
Furthermore, in China, Europe and the Republic of Ireland, obesity rates have increased 
due to a markedly improved economy allowing wealthy individuals to purchase 
expensive high fat foods (Holm et al., 2001).  In non-Western developing agricultural 
societies, obesity among men, women and children is rare, presumably because of 
insufficient food and also because of high levels of energy expenditure.  In these 
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societies, the prevalence of obesity increases with rising wealth and increasingly 
available food sources.   
Settlement form 
Ewing et al. (2003) found that the probability of being obese, and to a lesser 
extent of being physically active, is significantly associated with the overall urban form 
of the county in which a person lives.  An increasing body of evidence shows that the 
physical design of the places where people live and work affects their overall travel 
choices and how much they walk or bike for utilitarian travel.  Both sprawling and urban 
structures contribute to obesity in different ways.  
McCann and Ewing (2003) found a direct relationship between urban sprawl and 
individuals with a high BMI and between sprawl and chronic disease.  Furthermore, they 
found that individuals living in counties with urban sprawl are likely to weigh more and 
have greater prevalence of hypertension.  In areas of sprawl, people tend to live far from 
destinations, causing them to drive because it is unsafe to walk or ride a bicycle.  People 
residing in areas of sprawl tend to have higher blood pressure and are more likely to have 
diabetes.  Individuals who live in more mixed use neighborhoods are less likely to be 
obese, drive less, and walk more (Frank et al., 2004; McCann & Ewing, 2003).  
According to Larkin (2003) modern cities can also be blamed for obesity prevalence.  
The cities are designed around the automobile, providing only busy streets and roaring 
expressways, prohibiting physical activity.  Therefore, many individuals do not have 
access to safe and activity-friendly environments.  
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Chapter 3: Spatial Patterns of Obesity 
 
Obese prevalence estimates were generated for all counties in Appalachia for 
adult males and females using data from the Behavioral Risk Factor Surveillance System 
(BRFSS) (Halverson et al., 2004).  The BRFSS is a telephone-based nationwide survey 
conducted by state health departments across the country (Pickle, & Su, 2002).  The 
survey is designed to “collect uniform, state-specific data on preventive health practices 
and risk behaviors that are linked to chronic disease, injuries and preventable infectious 
disease” (Halverson et al., 2004 and US Department of Health and Human Services, 
1999). Although the BRFSS began in 1984, county identifiers were not universally 
provided until 1993.  Therefore, sub-state areas cannot be analyzed using data prior to 
1993.  The target population for the BRFSS survey is the adult (aged 18 and older) non-
institutionalized population of each state.  A two-stage random-digit telephone sampling 
protocol is used to contact households, and a third stage randomly selects a single eligible 
adult from within each sampled household (Halverson et al., 2004). 
This chapter presents a series of maps of obesity prevalence in Appalachian 
counties by gender. Obesity data were aggregated for the years from 1993 though 1997, 
which greatly reduces the effect of short-term fluctuations in the data. Maps are shown 
for overall obesity (BMI of 30.0 or more), obesity class 1 (BMI between 30.0 and 34.9) 
and obesity class 2 (BMI between 35.0 and 39.9). Maps of obesity class 3 (BMI of 40.0 
or more) are not presented here because the number of people in this class is very small 
and the prevalence rates may be unreliable at the county scale.  
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Overall adult obesity prevalence by gender 
 
Maps showing the geographic distributions of overall obesity prevalence for 
males and females are shown in Figures 1 and 2.  There is considerable variation in 
obesity prevalence among Appalachian counties for both genders.  Obesity prevalence 
estimates ranged from 10% to 27% among males and 7% to 25% among females.  For 
both genders, clusters with high rates occur primarily in the central and northernmost 
parts of Appalachia.  Rates tend to be lowest for males throughout most of the southern 
part of Appalachia. Lowest rates for females also tend to occur in the south, but in a more 
restricted part of the region than for males.  
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Figure 1: Percentage of overall obese males 
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Figure 2: Percentage of overall obese females 
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Overall adult obesity male-female difference  
 
The difference in overall obesity rate between males and females is calculated by 
subtracting the female rate from the male rate.  Figure 3 shows a geographic distribution 
of adult obesity difference ranging from -8% to 10% throughout Appalachia.  Areas with 
particularly high obesity prevalence among males relative to females occur in northern 
Georgia, western North and South Carolina, western Kentucky, southeastern Ohio and 
the border between Pennsylvania and New York. Areas with particularly high obesity 
prevalence among females relative to males occur in central West Virginia, western 
Pennsylvania and much of Alabama, Mississippi and Tennessee.   
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Figure 3: Overall obesity difference 
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Class 1 Adult obesity prevalence by gender 
 
Class 1 obesity prevalence rates (BMI of 30.0 to 34.9) for adult males and females 
are shown in Figures 4 and 5.  The geographic distributions of class 1 obesity prevalence 
ranged from 7% to 24% among males and 5% to 21% among females. Areas of high 
prevalence for males occur in central Appalachia, southeast Ohio and north-central 
Pennsylvania/southern New York. Areas of high prevalence for females occur in central 
Appalachia, north-central Pennsylvania/southern New York and Alabama/Mississippi. 
Lowest rates for males occur in western Pennsylvania, throughout the south. Lowest rates 
for females occur in Ohio, northern West Virginia and in Georgia/North 
Carolina/Tennessee.  
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Figure 4: Percentage of class 1 obese males 
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Figure 5: Percentage of class 1 obese females 
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Class 1 adult obesity male-female difference  
 
The class 1 obesity difference ranges from -8% to 13% in Figure 6. The map 
shows that class 1 male obesity is higher than class 1 female obesity for the great 
majority of counties in Appalachia. Areas with high obesity prevalence among males 
relative to females occur in northern Georgia, southeastern Ohio, northern West Virginia 
and the border between Pennsylvania and New York. Areas with high obesity prevalence 
among females relative to males occur in western and eastern Pennsylvania, Alabama, 
Tennessee and southwestern Virginia.   
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Figure 6: Class 1 obesity difference for males-females 
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Class 2 Adult obesity prevalence by gender 
 
Class 2 obesity prevalence rates (BMI of 35.0 to 39.9) for adult males and females 
are shown in Figures 7 and 8. Class 2 obesity prevalence ranged from 2% to 7% among 
males and 2% to 8% among females. Areas of high prevalence for males occur in central 
Appalachia, Pennsylvania/New York and Alabama. Areas of high prevalence for females 
occur primarily in central Appalachia, with somewhat lesser areas in central Pennsylvania 
and Alabama/Mississippi. Lowest rates for males occur in Georgia and Mississippi, and 
for females throughout much of the south. 
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Figure 7: Percentage of class 2 obese males 
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Figure 8: Percentage of class 2 obese females 
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Class 2 adult obesity male-female difference  
 
The class 2 obesity difference ranges from -5% to 4% in Figure 9. The map shows 
that class 2 female obesity is higher than class 2 male obesity for the great majority of 
counties in Appalachia, the opposite of the case for class 1 obesity. Areas with high 
obesity prevalence among males relative to females occur in Alabama and the border 
between Kentucky and Tennessee. Areas with particularly high obesity prevalence 
among females relative to males occur in central West Virginia, southern Ohio/northern 
Kentucky and Mississippi.   
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Figure 9: Class 2 obesity difference for males-femal 
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Chapter 4: Regression Model and Data 
 
The Model 
 
This study uses a regression model to analyze the effect of a number of factors on 
obesity in Appalachia. Of the two compositional factors discussed in the literature, 
energy intake and energy expenditure (see chapter 2), only the latter was available for use 
in this study at the county level. Self-reported rates of physical inactivity can be obtained 
from the same BRFSS survey from which the obesity data were obtained. No energy 
(food) intake data are available.  
The literature identifies five major contextual factors that have been shown to 
have an effect on obesity (see chapter 2): socioeconomic status/income, poverty, 
education, food availability and settlement form/location.  Median family income as an 
indicator of socioeconomic status was found to be so strongly correlated with other 
variables in the model that it was considered inappropriate to use it.  Poverty and 
education, however, are two factors that were retained in the model. Suitable data 
representing the fourth factor, food availability, could not be found for this study. The 
fifth contextual factor, settlement form/location, was represented in the model by the US 
Department of Agriculture codes used to categorize the urban-rural settlement form of 
each county in the US (see below for details). 
In addition to the above factors discussed in the literature, it was decided to add 
two more contextual factors which could have a significant impact on obesity, 
employment change and labor force participation. Neither factor appears to have been 
considered in the literature on obesity before. Employment change indicates whether a 
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county’s economy is growing, stagnant or declining, which could very likely have an 
effect on the kind of decisions people make regarding energy intake and expenditure – 
both physical and mental.  Labor force participation indicates ability and/or motivation to 
work in the formal economy, which could also have a significant effect on energy intake 
and expenditure.  
      The model of obesity (with expected signs) is as follows:  
OBESITY = b1 +/-∑ b2-9 URBRUR2-9  - b10 COLLEGE + b11 POVERTY + b12 INACTIV  
- b13 EMPLOY - b14 PARTICIP  
OBESITY, the dependent variable in the model, is the aggregate obesity rate in a 
county over the period 1990 to 2000. The model is estimated separately for males, 
females and the difference between males and females. The model is also estimated 
separately for three categories of obesity, overall obesity, class 1 obesity and class 2 
obesity.  
COLLEGE is the percent of a county’s total population with a four year college 
education. The literature indicates that the relationship between COLLEGE and 
OBESITY should be negative. Obesity should decrease with increasing education.  
POVERTY is the percent of a county’s population in poverty. The literature 
indicates that the relationship between POVERTY and OBESITY should be positive. 
Obesity should increase with more poverty.  
  
36 
INACTIV is the percent of a county’s population that is physically inactive.  The 
literature indicates that the relationship between INACTIV and OBESITY should be 
positive.  Obesity should increase with higher rates of physical inactivity.  
EMPLOY is the rate of change in a county’s employment. The literature does not 
address this factor, but this research hypothesizes that EMPLOY is negatively related to 
OBESITY. Counties with dynamic economies will have healthier populations. Counties 
with stagnant or declining economies will have less healthy populations. Obesity is 
expected to be greater in counties with declining employment than in counties with 
growing employment.  
PARTICIP is the participation rate of a county’s adult population, by gender, in 
the labor force. Again, the literature does not address this factor. This research 
hypothesizes that PARTICIP is negatively related to OBESITY. Participation in the labor 
force indicates an active population. Obesity is expected to be greater in counties with 
lower labor force participation rates than in counties with higher rates.  
∑ b2-9 URBRUR2-9 are eight dummy variables representing the varying urban-
rural character of each county in Appalachia. The literature indicates that settlement 
form, usually represented by density, has an effect on obesity. This research hypothesizes 
this relationship in a different way. It argues that the varying urban-rural character of a 
county influences the obesity of the local population, but in a more complex way. The 
data for these dummy variables were obtained from the US Department of Agriculture, 
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which categorizes every county in the US according to its urban-rural character.  The 
USDA uses nine categories:  
1. County in metro area with 1 million population or more  
2. County in metro area of 250,000 to 1 million population  
3. County in metro area of fewer than 250,000 population  
4. Non-metro county with urban population of 20,000 or more, adjacent to a metro 
area  
5. Non-metro county with urban population of 20,000 or more, not adjacent to a 
metro area  
6. Non-metro county with urban population of 2,500-19,999, adjacent to a metro 
area  
7. Non-metro county with urban population of 2,500-19,999, not adjacent to a metro 
area  
8. Non-metro county all rural or less than 2,500 urban population, adjacent to metro 
area  
9. Non-metro county all rural or less than 2,500 urban population, not adjacent to 
metro area  
 In this research, counties categorized as 1 were assigned to be the base or default 
category, and are therefore represented in the model by the intercept b1. County types 2 
through 9 are each represented by their own regression coefficient, b2 through b9. The 
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specific relationship between obesity and each of these urban-rural categories is not 
hypothesized in this research, but is empirically determined by the model. 
The regression model is estimated by ordinary least squares for six different 
dependent variables: overall obesity for males, overall obesity for females, class 1 obesity 
for males, class 1 obesity for females, class 2 obesity for males, and class 2 obesity for 
females. 
The Data  
As described in chapter 3, the county obesity data, OBESITY, were obtained from 
the Behavioral Risk Factor Surveillance System (BRFSS) and aggregated for the years 
1993 through 1997.  The measure of physical inactivity, INACTIV, is also derived from 
the BRFSS in response to the survey question: “During the past month, did you 
participate in any physical activities or exercises?”  It too was aggregated for the years 
1993 through 1997. 
The variables COLLEGE, POVERTY and (gender specific) PARTICIP were each 
calculated as the county average for the years 1990 and 2000 (US Census Bureau, 1990, 
2000). The variable EMPLOY was calculated as the rate of change in employment in a 
county between 1990 and 2000 (US Census Bureau, 1990, 2000). The urban-rural county 
categories, URBRUR, were obtained from the US Department of Agriculture 
(www.usda.gov).  
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Chapter 5: Results of Regression Analysis 
 
The regression model presented in the last chapter was estimated using Minitab 
for six different dependent variables for the 410 counties in Appalachia: overall obesity 
for males, overall obesity for females, class 1 obesity for males, class 1 obesity for 
females, class 2 obesity for males and class 2 obesity for females. The results are shown 
in Table 1. Coefficients significant at the 0.05 level are shown in bold.  
Table 1: Appalachia Obesity Regression Results 
 
Variable Obese M Obese F Obese1 M Obese1 F Obese2 M Obese2 F 
Constant 27.2 22.4 15.3 11.6 7.8 5.5 
Urbrur2 1.04 0.99 1.01 0.69 -0.08 -0.09 
Urbrur3 1.79 0.89 1.77 0.06 -0.01 -0.48 
Urbrur4 1.22 1.26 1.45 0.70 -0.06 -0.53 
Urbrur5 1.31 0.85 1.53 0.66 -0.54 -0.08 
Urbrur6 1.05 0.89 1.36 0.60 -0.36 -0.01 
Urbrur7 1.99 1.37 1.94 0.96 -0.22 -0.02 
Urbrur8 1.22 0.36 1.45 0.31 -0.30 -0.05 
Urbrur9 0.59 0.30 1.47 0.33 -0.60 -0.28 
College -0.044 0.006 -0.021 -0.016 -0.017 0.007 
Poverty -0.034 0.095 -0.023 0.093 0.0001 0.020 
Employ -0.022 -0.035 -0.008 -0.024 -0.009 -0.008 
Particip -0.164 -0.117 -0.078 -0.025 -0.059 -0.041 
Inactiv 0.048 -0.025 0.067 -0.002 0.00007 -0.0003 
R2 23.9% 32.0% 15.9% 24.0% 14.2% 13.4% 
Note: Coefficients significant at 0.05 level shown in bold 
 
A number of interesting conclusions can be drawn from these results: 
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1. INACTIV, the sole compositional variable in the model, is significant, for 
overall male and class 1 male obesity, and positively related to obesity, a 
result which supports previous research. Obesity is higher where people are 
more inactive. Why this variable is significant only for males and not for 
females is unknown and should obviously be researched further. 
2. Of the contextual variables in the model, EMPLOY and PARTICIP have the 
biggest effect on obesity. This is an interesting finding, because the literature 
on obesity seems to have ignored both of these factors. Both relationships 
have the expected sign. EMPLOY is negatively related to obesity, which 
means that obesity is higher in counties with declining employment. 
PARTICIP is also negatively related to obesity, which means that obesity is 
higher in counties where labor force participation is lower. The two factors 
have a significant effect for both males and females, and for almost all obesity 
categories. Judging by the coefficients, EMPLOY has a bigger effect on 
female obesity than on male obesity, and PARTICIP has a bigger effect on 
male obesity than on female obesity. 
3. POVERTY is significant and positively related to obesity, supporting previous 
research. Obesity is higher where there is more poverty. Interestingly, 
however, poverty only has a significant impact on female obesity, and not on 
male obesity. In fact, the coefficients for male obesity are negative, though 
insignificant. Why poverty only affects females is unknown and needs further 
research. 
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4. COLLEGE has no significant effect on obesity at all in this study. This is a 
surprising finding, considering that the literature generally finds education to 
have a very significant relationship with obesity.   
5. URBRUR is significant, but only for male obesity. Overall male obesity is 
significantly higher in counties in a metro area of fewer than 250,000 
population (category 3) and in non-metro counties with an urban population of 
2,500-19,999 that are not adjacent to a metro area (category 7). Class 1 male 
obesity is significantly higher in counties in a metro area of fewer than 
250,000 population (category 3), in non-metro counties with an urban 
population of 2,500-19,999 that are adjacent to a metro area (category 6), in 
non-metro counties with an urban population of 2,500-19,999 that are not 
adjacent to a metro area (category 7), in non-metro counties that are either all 
rural or with less than 2,500 urban population that are adjacent to a metro area 
(category 8) and in non-metro counties that are either all rural or with less 
than 2,500 urban population that are not adjacent to a metro area (category 9). 
In general, class 1 male obesity is higher in non-metro areas with small or no 
urban settlements. Given the more relaxed lifestyle of places such as these 
compared to energy-expending metro areas, these results are perhaps not 
surprising. It is curious, however, that both overall male obesity and class 1 
male obesity are also significantly higher in small metro areas (category 3). 
Whether this is peculiar to Appalachia or not requires further research. 
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Furthermore, it is unclear why settlement form does not play a significant role 
in female obesity. This too requires more research.    
6. According to the explained variance, R2, the model performs best for overall 
obesity, somewhat less so for class 1 obesity, and worst for class 2 obesity.  
The model also generally performs better for females than for males. These 
results indicate that less is known about the causes of more extreme forms of 
obesity compared to more common forms of obesity.  Also, less is known 
about the causes of male obesity than of female obesity. 
  The regression residuals 
 
 The standardized residuals for each of the six obesity models are shown in 
Figures 10-15.  The red areas throughout Appalachia represent counties where obesity is 
higher than it was predicted to be.  The green areas throughout Appalachia represent 
counties where obesity is lower than it was predicted to be.   
Overall Obesity Residuals  
Figures 10 and 11 show the geographic distribution of residuals for overall male 
and female obesity.  Figure 10 shows clusters of much higher than predicted overall male 
obesity in central Pennsylvania, southeastern Ohio, southern West Virginia/eastern 
Kentucky, north-west Alabama/Mississippi and north-east Georgia. Clusters of much 
lower than predicted overall male obesity are located in western and eastern 
Pennsylvania, central and northern West Virginia, Tennessee and north-west 
Georgia/north-east Alabama. 
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Figure 11 shows clusters of much higher than predicted overall female obesity in 
central Pennsylvania, southern Ohio, southern West Virginia/eastern Kentucky, central 
Kentucky/central Tennessee and much of northern Alabama and Mississippi. Clusters of 
much lower than predicted overall female obesity are located in northern West Virginia, 
central Kentucky/Tennessee and a large contiguous area of eastern Tennessee, western 
North and South Carolina and northern Georgia. 
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Figure 10: Overall obese male residuals 
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Figure 11: Overall obese female residuals 
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Class 1 Obesity Residuals  
Figures 12 and 13 show the geographic distribution of residuals for class 1 male 
and female obesity.  Figure 12 shows clusters of much higher than predicted class 1 male 
obesity in central Pennsylvania, southeastern Ohio, southern West Virginia/eastern 
Kentucky, north-west Alabama/Mississippi and north-east Georgia. Clusters of much 
lower than predicted class 1 male obesity are located in western Pennsylvania and a large 
area extending from Alabama through Tennessee to southwest Virginia. 
Figure 13 shows clusters of much higher than predicted class 1 female obesity in 
southern Ohio, southern West Virginia/eastern Kentucky, central Kentucky/central 
Tennessee and much of northern Alabama and Mississippi. Clusters of much lower than 
predicted class 1 female obesity are located in northern and central West Virginia, central 
Kentucky/Tennessee and eastern Tennessee/western North Carolina. 
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Figure 12: Class 1 obese male residuals 
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Figure 13: Class 1 obese female residuals 
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Class 2 Obesity Residuals  
Figures 14 and 15 show the geographic distribution of residuals for class 2 male 
and female obesity.  Figure 14 shows clusters of much higher than predicted class 2 male 
obesity, in north-central Pennsylvania/western New York, an area extending from 
southern Ohio through southern West Virginia to eastern Kentucky, central Kentucky and 
north-west Alabama. Clusters of much lower than predicted class 2 male obesity are 
located in central West Virginia, north-east Mississippi and a large area extending from 
north-east Alabama through Georgia and Tennessee to western North and South Carolina. 
Figure 15 shows clusters of much higher than predicted class 2 female obesity, in 
central Pennsylvania, much of Ohio and West Virginia, and north-west Alabama and 
Mississippi. Clusters of much lower than predicted class 2 female obesity are located in 
eastern Pennsylvania and a large area extending from Alabama through Georgia and 
Tennessee into southern Kentucky and southwest Virginia. 
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Figure 14: Class 2 obese male residuals 
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Figure 15: Class 2 obese female residuals 
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Figure 14 shows clusters of much higher than predicted class 2 male obesity, in 
north-central Pennsylvania/western New York, an area extending from southern Ohio 
through southern West Virginia to eastern Kentucky, central Kentucky and north-west 
Alabama. Clusters of much lower than predicted class 2 male obesity are located in 
central West Virginia, north-east Mississippi and a large area extending from north-east 
Alabama through Georgia and Tennessee to western North and South Carolina. 
Figure 15 shows clusters of much higher than predicted class 2 female obesity, in 
central Pennsylvania, much of Ohio and West Virginia, and north-west Alabama and 
Mississippi. Clusters of much lower than predicted class 2 female obesity are located in 
eastern Pennsylvania and a large area extending from Alabama through Georgia and 
Tennessee into southern Kentucky and southwest Virginia. 
Discussion 
There is a lot of evidence of clustering in the residuals from the six obesity 
models, both in terms of under-predicted obesity and over-predicted obesity. This 
evidence leads to two conclusions. First, spatial autocorrelation is present in all the 
regression models, which means that either the coefficient estimates may be biased or 
that the significance tests may be unreliable (inefficient). Further research can control for 
this spatial dependence by using a spatial regression model, which can be found in the 
GeoDa statistical package however, that is beyond the scope of this research.  
Second, the residual clustering can mean that sub-regional or local factors play an 
important role in explaining the spatial distribution of obesity in Appalachia. Further 
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research would have to involve a more locally-based, field-work oriented, intensive 
research design to identify these factors. Judging by the results of the regression models 
in Table 1, the spatial distribution of obesity in Appalachia remains largely unexplained 
and a lot of work still needs to be done to identify the factors responsible.   
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 Chapter 6: Conclusions 
 
 
The prevalence of obesity has reached epidemic proportions in the United States 
and many parts of the world.  There are various theories concerning the development of 
obesity, from the purely genetic to the purely environmental to a combination of the two. 
Generally, the chronic nature of obesity develops as a result of the interaction between an 
individual's genetic structure, cultural influences, lifestyle behaviors, and other 
environmental factors. This thesis documents disparities in the prevalence of obesity 
among counties in the Appalachian region.  In addition, preliminary examinations are 
made to identify potential associations between geographic variability in the prevalence 
of obesity and the characteristics of individuals and places with variable prevalence rates.  
A number of important findings emerged from this report: 
• The Appalachian maps demonstrate geographic variation in obesity 
prevalence, and specific counties consistently experience higher 
prevalence of obesity for both genders.   
• Among areas with persistently high obesity prevalence rates, the 
burden is often highly localized among specific counties.  
• Two significant contextual factors, employment change and labor 
force participation, were identified; however, they have or not been 
addressed in the literature. 
• The regression model results demonstrate poverty has a significant 
impact on female obesity, but no significant impact on male obesity.  
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• The sole compositional variable, inactivity, is gender specific for adult 
males in the Appalachian region.   
• The regression model also found that urban-rural location is 
significant, but gender specific only for males in non-metro areas and 
small metro areas. 
This thesis represents an exploratory initiative to identify the factors which are 
responsible for the spatial variation of adult obesity throughout the Appalachian region. 
Estimates of obesity prevalence for small geographic areas (counties) are often difficult 
to derive from existing survey data, thus, better results may be arrived at by obtaining 
accurate medical records.  The data used in this study were derived in the 1990’s and are 
therefore dated by this time.  However, more recent data are harder to obtain due to 
disclosure constraints and regulations.  Furthermore, there is insufficient data supporting 
the individual’s compositional energy intake.  For future research, an analysis can be 
implemented by using a spatial regression technique, which will control for the spatial 
autocorrelation trouble that occurred in this study.  Also, more information can be 
derived about obesity by extending the analysis to other regions of the country.   
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